ABSTRACT This is the second paper in a series of catalogues of 22-GHz water maser observations towards the 6.7-GHz methanol masers from the Methanol Multibeam (MMB) Survey. In this paper we present our water maser observations made with the Australia Telescope Compact Array towards the masers from the MMB survey between l = 341
INTRODUCTION
Masers are useful tools for studying star formation as they are bright, intense and observable at radio frequencies, thus allowing us to see into the dusty environments of young stellar objects.
Water masers were first discovered by Cheung et al. (1969) towards Sgr B2, Orion A and W49 and are now known to be the most widespread of the known maser species (e.g. . They are found within the envelopes of evolved asymptotic giant branch stars and around young stellar objects. For water masers accompanying high-mass young stellar objects (YSOs), VLBI observations have shown that they are found the disks surrounding them (Torrelles et al. 1998) , in their high velocity bipolar outflows (e.g. Genzel et al. 1981; Hofner & Churchwell 1996) and in bow shocks from outflows and expanding shells (Hofner & Churchwell 1996; Carrasco-González et al. 2015) .
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The 22-GHz water maser 61,6 → 52,3 rotational transition is the brightest spectral line at radio frequencies and shows much greater temporal variability than those of other species (Brand et al. 2003) . Other transitions of water have also been observed, especially the higher frequency vibrational transitions towards evolved stars (Menten & Melnick 1989) . Water masers are pumped by collisions with H2 molecules within shocks associated with outflows or accretion (Elitzur et al. 1989; Garay & Lizano 1999) and may reside further away from their parent YSO than 6.7-GHz methanol masers (see Forster & Caswell (1989) c.f. Caswell (1997) ).
Methanol masers have been empirically divided into class I and class II types. Class I methanol masers appear spread around a star forming region, distributed over linear scales of up to 1 pc (e.g. Kurtz et al. 2004; Voronkov et al. 2006; Cyganowski et al. 2009; Voronkov et al. 2014; Jordan et al. 2015) , whereas, class II methanol masers reside close to their parent YSO (e.g. Caswell 1997 ). Modelling of maser pumping mechanisms has shown that class I methanol masers are pumped c 2016 RAS by collisions with molecular hydrogen, whereas the class II methanol masers are pumped by infrared radiation (e.g. Cragg et al. 1992 Cragg et al. , 2002 Voronkov et al. 2005) .
6.7-GHz methanol masers make ideal candidates to study the conditions at the sites of young, high-mass stars as they are found exclusively at sites of high-mass star formation (Pestalozzi et al. 2002; Minier et al. 2003; Xu et al. 2008; Breen et al. 2013) . The Methanol Multibeam (MMB) survey was conducted to make an unbiased survey of the Galactic plane for 6.7-GHz methanol masers. The MMB covered the entire Galactic Plane observable with the Parkes 64-m dish in Australia (longitudes 186
• , through 0 • , to 60
• ) with latitude coverage of |b| ≤ 2
• . For sources without interferometric positions already available, the detections were followed-up with the Australia Telescope Compact Array (ATCA) and the Multi-Element Radio Linked Interferometer Network (MERLIN) to obtain precise positions. Catalogues covering the entire MMB region have now been published (Green et al. 2009; Caswell et al. 2010; Green et al. 2010; Caswell et al. 2011; Green et al. 2012; Breen et al. 2015) .
Another large-scale, unbiased survey for masers is the H2O southern Galactic Plane Survey (HOPS; Walsh et al. , 2014 . HOPS surveyed 100 deg 2 of our Galaxy for water masers and many other molecular lines with the Mopra Radio Telescope and the water maser detections were subsequently followed-up with the ATCA. HOPS is ideal for studying water masers in all the different environments that they form, however, for comparison with the MMB it lacks sensitivity (HOPS is estimated to be 98 per cent complete down to 8.4 Jy compared to the the MMB which is estimated to be approaching 100 per cent completeness at 1 Jy).
It has been proposed (e.g. Ellingsen et al. 2013; Breen et al. 2010b; Ellingsen et al. 2007 ) that the presence and/or absence of different maser transitions correspond to different evolutionary stages of the parent YSO. Masers can be associated with ultra-compact HII regions (Phillips et al. 1998; Walsh et al. 1998 ) and at younger stages embedded within infrared dark clouds (Ellingsen 2006) . Breen et al. (2010b) have shown that YSO with only 6.7-GHz methanol masers are at an earlier stage of evolution than those with 12.2-GHz methanol and OH masers. How water masers fit into this evolutionary sequence remains unclear. There is now some evidence that water masers may not fit such a well defined evolutionary stage as other types of masers. Water masers can be found at a wider range of projected physical separations from their associated YSOs, and so may not always be closely tied to the physical conditions there Titmarsh et al. 2014) .
The conditions under which methanol and water masers form are also very different. 6.7-GHz methanol masers benefit from strong background radiation, however, this is not needed for 22-GHz water masers to exist and modelling suggests that this may even suppress them. In addition, after shock destruction, water masers re-form quickly (e.g. Hollenbach et al. 2013) whereas, methanol forms slowly on dust grains (Dartois et al. 1999 ) and once it has been destroyed it is lost in that region during that star formation episode. Water and methanol masers also have very different excitation temperatures (∼49 K and ∼646 K respectively) and conditions for strong inversion. The 6.7-GHz methanol masers are found in dust temperatures of < 500 K and their ideal number densities are 10 12 m −3 -10 13 m −3 and are quenched at > 10 14 m −3 (Sobolev et al. 1997) . These temperatures and densities are at the bottom of the range of conditions water masers can be found in. They can be found under a wide range of conditions, but they most favour temperatures of ∼800 K and number densities of 10 15 m −3 (Gray et al. 2016) . Since masers are found within the dusty envelopes of high-mass star formation, is it useful to compare maser data to the thermal dust emission. Dust emission is optically thin at submillimetre wavelengths and is useful for tracing column densities and clump masses. Submillimetre emission allows us to study the coldest, densest regions where stars are forming. Recently, there have been two large, unbiased surveys of the Galactic Plane in the submillimetre regime. The Bolocam Galactic Plane Survey (BGPS; Rosolowsky et al. 2010 ) at 1.1 mm and the APEX Telescope Large Area Survey of the GALaxy (ATLASGAL; Schuller et al. 2009; Contreras et al. 2013; Csengeri et al. 2014 ) at 870 µm.
In this paper we report the 22-GHz water maser followup of the MMB in the longitude range l = 341
• through the Galactic centre to l = 6
• . All the MMB sources in the range l = 310
• − 341
• have also been observed for water masers. In addition, during all our MMB follow-up observations we also observed the ammonia (1,1) and (2,2) transitions and, when available, an additional 2 x 2 GHz continuum bands with 32 x 64 MHz channels. The rest of the water maser data ammonia and continuum observations will be reported in future publications.
OBSERVATIONS AND DATA REDUCTION
The observing strategy for the water maser follow-up of the MMB survey is described in detail in Titmarsh et al. (2014) . Here we only repeat the essential details.
We targeted all the MMB sources for water maser emission in the range l = 341
• , including those that had been observed before, with the ATCA. We re-observed those that had been targeted before to ensure that we had a statistically complete sample of water masers at one epoch. The sources in the range l = 341
• − 2 • were observed with the H214 array configuration on 2011 June 3-5 and l = 2
• − 6
• were observed using the H168 configuration on 2011 August 8. At 22 GHz the primary beam of the ATCA is 2.1 arcminutes and the synthesised beam of the H214 and H168 configurations are ∼ 9.6 and ∼ 12.4 arcseconds respectively.
For calibration we used PKS B1934-638 for the primary flux density, PKS B1253-055 for the bandpass and PKS B1646-50 for the phase calibrator on the 2011 June 3 observations and PKS B1714-336 for the 2011 June 4-5 and August 8 observations. We spent 1.5 minutes observing the phase calibrator every ∼ 10 minutes and in between we observed groups of six nearby MMB targets for 1.5 minutes each. Each target was observed at least 4 times, giving a total on-source time of ≥ 6 minutes, over an hour angle range of six hours or more to ensure sufficient uv -coverage for imaging.
We used the Compact Array Broadband Backend (CABB; Wilson et al. 2011 ) with two zoom bands of 64 MHz bandwidth with 2048 spectral channels. We centred the first band at the 22.235-GHz water maser transition and the second half-way between the ammonia (1,1) and (2,2) transitions at 23.708 GHz. This corresponded to a channel width in velocity of 0.42 km s −1 and 0.39 km s −1 for the water and ammonia bands respectively and velocity resolutions for uniform weighting of the spectral channels of 0.50 km s −1 and 0.47 km s −1 and velocity coverages of > 800 km s −1 . The 5 σ detection limit for these observations ranged from ∼125 mJy -∼250 mJy depending on weather conditions and total time on-source. In addition 2 x 2 GHz continuum bands with 32 x 64 MHz channels were available for the 2011 August observations.
The water maser data were reduced in miriad (Sault et al. 1995) using standard techniques for ATCA spectral line data and all the velocities were corrected to the Local Standard of Rest. We inspected the image cubes within an arcminute radius of each methanol maser position to find the associated water masers and the spectra were produced from these image cubes by integrating the emission at each maser site.
For masers previously observed with the ATCA by (Breen et al. 2010a) , our positions agreed to within ≤ 2 arcseconds. The astrometric accuracy of ATCA measurements of water masers is, under ideal conditions, around 0.4 arcseconds (Caswell 1997) and is set by the precision to which the coordinates of the phase calibrators have been measured and other systematics such as the antenna positions. For observations at 22 GHz, varying water vapour content in the atmosphere degrades the phase calibration and the typical astrometric accuracy for the current observations is estimated to be within an arcsecond in good weather conditions.
Many maser sites consist of a collection of emission "spots". The spread of the maser spots also limits the positional accuracy we can achieve for each maser site since there is some physical scatter of these spots. Hence, the measured position of the maser site can change as water masers are variable and a different spot may now be the strongest. However, from epoch to epoch we expect the change due to scatter in the strongest maser spots to be of the same order as the astrometric accuracy or lower.
RESULTS
Here we report the 22-GHz water masers detected towards the 6.7-GHz methanol masers in the Galactic longitude range 341
• to 6
• . We found 101 of the 204 MMB sources in this range to have associated water maser emission (∼ 50 per cent). Figure 1 shows a histogram of the offsets between the target methanol masers and the water masers detected around them. We have used an offset of ≤ 3.0 arcseconds from the 6.7-GHz methanol maser to establish association with the exception of G05.885-0.393 (for details see Section 3.1). Note: 3 arcseconds is not the positional uncertainty of our maser sites, rather the angular separation we deem reasonable to determine if masers are associated with the same YSO. We have used a 3 arcsecond criteria in this paper and in Titmarsh et al. (2014) as it will include all the real associations and is consistent with what has been used in other large, high resolution surveys of water masers with the ATCA such as Breen et al. (2010a) and Caswell et al. (2010) . The spectra of the associated water masers taken with the ATCA are presented in Figure A1 and comments on individual sources of interest are in Section 3.1. We have only determined maser associations based on their angular separation. We did not use their velocities as water masers are well known for showing emission a long way from the systemic velocity of the region often spanning many tens to hundreds of km s −1 . We have looked at the distributions of the physical separations in the plane of the sky as we have good distance estimates to these masers. The distances were taken from Green & McClure-Griffiths (2011) or Motogi et al. (2011) where available, of which a few are astrometric distances but the majority are the kinematic distances with the nearfar ambiguity resolved using HI self-absorption. For the remaining sources we used the 6.7-GHz methanol peak velocities and the Reid et al. (2009) rotation curve to estimate their distances. For 15 sources the Reid et al. (2009) rotation curve produced very unrealistic distance estimates, particularly near the Galactic centre where non-circular motions are large. For these sources we used estimates which utilise a Baysian approach which takes into account a range of distance estimations including any trigonometric parallax distances of nearby sources, CO and kinematic distances (Mark Reid, private communication) .
The distribution of projected distances between the methanol and water masers is given in Figure 2 . Given the varying distances to the masers, determining association based on linear separations is desirable, however for ease of comparison with previous work and consistency with the previous instalment of this catalogue, we have used the 3 arcsecond angular separation criteria. This will make little difference to our results as most of the water masers we have classified as associated are within 0.05 pc of their methanol maser and all are within 0.2 pc. There are a small number of masers that we have classified as not associated within 0.05 pc. A couple are separated by less than 3 arcseconds, however, these were close pairs of methanol masers with only one water maser detected (within 3 arcseconds of both of them) and the water masers have been assigned to the closest methanol maser. The rest have separations greater than 3 arcseconds. Further analysis of linear separations has been left to future publications.
The results of the search are summarised in Table 1 : column 1 gives the source name (Galactic Longitude and Latitude) of the target 6.7-GHz methanol maser; columns 2 and 3 give the position of the water maser in Right Ascension and Declination (J2000); column 4 the peak velocity; columns 5 and 6 the minimum and maximum velocities of the emission; column 7 the peak flux densities; column 8 the integrated flux densities; columns 9, 10 and 11 the peak, minimum and maximum velocities of the associated 6.7-GHz methanol masers; column 12 the angular offsets; column 13 the epoch of the water observations and column 14 lists the distances to the MMB sources.
Column 15 of Table 1 lists the associations with 12.2-GHz methanol and OH masers from Breen et al. (2012) ; Caswell (1998) and Caswell et al. (2013) . Note that the 12.2-GHz associations are complete, coming from targeted observations towards the MMB sources. The OH observations are not complete towards all the MMB sources. Caswell (1998) surveyed the Galactic Plane between l = 312
• − 356 • and |b| < 0.6
• and will have detected most of the masers above ∼3 Jy and we have indicated MMB sources that lie within the area of this survey, but no OH emission was detected. Also indicated in this column, are sources that were observed for water maser emission in Breen et al. (2010a) . MMB targets for which no associated water maser emission was detected are presented in Table 2 . Column 1 is the source name of the target MMB maser; column 2 is the 5σ detection limit; columns 3, 4 and 5 are the epochs, associations and distances respectively, the same as for Table  1 . Since water masers are variable, some of these methanol maser targets have been found to have water maser emission in past studies. The 15 sources where this has occurred were observed by Breen et al. (2010a) to be associated with the target methanol masers and are discussed in Section 3.1 and in Section 4.3. Extending to a multi-epoch search by including these sources with the ones in Table 1 , we can partially account for variability over several years and increase to a detection rate of ∼ 56 per cent. Breen et al. (2010a) . In our observations in 2011 it had increased again to 106. Jy. Although the intensity varied greatly, the velocities of the emission remained similar over these three epochs. 345. 003-0.223 and 345.003-0.224 . This pair of methanol masers has been found to show variability in both sites (Caswell et al. 1995) . Goedhart et al. (2004) monitored these methanol masers over more than four years and found no periodicities on these timescales. The water maser associated with 345.003-0.223 was also detected by Breen et al. (2010a) in 2003 to have a peak flux density of 3.0 Jy, in 2004 at 3.7 Jy. It had two main features and Breen et al. (2010a) found the peak to be the feature at 15 kms −1 , but in our observations in 2011 the other feature at -83.6 kms −1 had flared to 11.3 Jy to become the peak.
345.010+1.792 and 345.012+1.797. 345.010+1.792 is associated with an UCHII region (Caswell 1997) , and many other class II methanol maser transitions . Breen et al. (2010a) detected water maser emission in 2003 with a peak flux density of 2.0 Jy, but it was not detected in their 2004 observations (detection limit of 0.2 Jy) or in our observations. 345.012+1.797 was observed by Breen et al. (2010a) Breen et al. (2010a) . In our observations in 2011 it had decreased again to 15.8 Jy. Although the intensity varied greatly, the overall shape of the spectra remained similar with the peak velocity at ∼80 kms −1 in all three epochs. 351.417+0.645. In 2003 this water maser had peak flux density of 1400 Jy by (Breen et al. 2010a , note it was not observed by them in 2004). In our observations its peak flux density had decreased to 156. Jy, and the peak was a different feature. The spectra at both epochs had many features, but the spectra in 2003 had a larger total velocity range than in 2011 (-58 to 50 kms −1 compared to -43.4 to 13.7 kms −1 ). 351.581-0.353. In 2003 this water maser had peak flux density of 1600 Jy observed by Breen et al. (2010a) (note it was not observed by them in 2004). In our observations in 2011 the spectra maintained similar velocities although its peak flux density had decreased to 110. Jy.
352.630-1.067. This water maser showed strong variation in its flux density, with a peak flux density of 35 Jy in 2003 and 700 Jy in the 2004 observations of Breen et al. (2010a) . The peak feature was in the centre of the spectra ∼0 kms −1 for the Breen et al. (2010a) observations and only this feature showed showed strong variation with the features on either side remaining similar in each epoch. In our observations the peak feature was at 10.6 kms −1 (peak flux density of 14.1 Jy) and the central feature at ∼0 kms −1 had decreased to ∼10 Jy.
353.273+0.641. This water maser was identified by Caswell & Phillips (2008) to be associated with an unusual water maser dominated by a blue-shifted outflow. It was ob- (Breen et al., 2012) are indicated with an 'm', associations with the 1665 MHz transition of OH masers (Caswell, 1998; Caswell et al. 2013) are indicated with an 'o' and sources marked with a '*' are within the survey region for OH by Caswell (1998) and no emission was detected. Sources observed for water masers in 2003 by Breen et al. (2010a are indicated with a 'w'. Distances estimates are from Green et al. (2011) or Motogi et al. (2011) where available, others are the near kinematic distances (these are in italics) and the remainder are from Mark Reid (private communication) (these are in square brackets).
MMB Target
Equatorial Coordinates S int 6.7-GHz methanol Name 357. 965-0.164 and 357.967-0.163 . This is a pair of two distinct methanol maser sites with a small separation (7 arcseconds). We used the near kinematic distances of 3.9 and 2.2 kpc respectively (they are the same within errors) rather than the HI self-absorption distance from Green & McClure-Griffiths (2011) of 15.2 kpc. We have chosen the near distances as 357.965-0.164 is also associated with a rare 23.4-GHz class I methanol maser and very strong 9.9-GHz class I methanol maser whose flux density is more than an order of magnitude stronger than in other known sources ) and the Green & McClure-Griffiths (2011) distance was identified as unreliable in their paper. The systemic velocity of the region is ∼ -3.0 kms −1 as that is the median velocity of the 6.7-GHz methanol maser emission for both sources. 357.967-0.163 has the stronger methanol maser emission and is also accompanied by a 12.2-GHz methanol maser and an OH maser (Breen et al. 2012; Caswell et al. 2013 ). It's water maser emission is continuous over 177 kms −1 . In our observations it had a velocity range of -74.2 to 103.1 kms
with a peak velocity of 0.6 kms −1 and a peak flux density of 57.8 Jy. Breen et al. (2010a) observed this source in 2003 and found it to have continuous emission over -80 to +100 kms −1 with a peak velocity of 0 kms −1 and a peak (Caswell, 1998; Caswell et al. 2013) are indicated with an 'o' and sources marked with a '*' are within the survey region for OH by Caswell (1998) and no emission was detected. Column 5 is the distance to the methanol maser. Distances estimates are from Green et al. (2011) flux density of 40 Jy and in 2004 a velocity range of -81 to +87 kms −1 , peak velocity of -65 kms −1 and peak flux density 57 Jy. 357.965-0.164 is the weaker 6.7-GHz methanol maser of the two with the smaller velocity range with most of its emission around the systemic velocity (-6.0 to 0.0 kms −1 ) and no OH counterpart. It's water maser is also the weaker of the two and has a velocity range of -61.1 to 37.3 kms −1 , but most of the strong emission is within a couple of kms −1 of the peak (-5.2 kms −1 ), close to the systemic velocity of the region. The higher velocity features are very weak in comparison (< 0.5 Jy).
359.615-0.243. A strong methanol maser identified to be variable by Caswell et al. (1995) and monitored by Goedhart et al. (2004) , and no periodicities in the variability were observed. The associated water maser emission is also quite variable, in 2003 it had a peak flux density of 7 Jy, in 2004 14 Jy (Breen et al. 2010a ) and in our 2011 observations 80.2 Jy.
0.546-0.852. The water maser has velocity range of 218.7 kms −1 . Water maser emission was previously detected by Forster & Caswell (1999) who found the velocities of the maser site to range from -12.95 to 56.90 kms −1 , these were some of the features in the middle of the total velocity range we observed in our observations (see Figure A1) . Breen et al. (2010a) found an even greater velocity range of -60 to 110 kms −1 in 2003, and in our observations we found weaker high-velocity features out to -95.0 and +123.7 kms −1 . 5.885-0.393. This source has been studied extensively in water, OH and methanol and the latest water information from Motogi et al. (2011) gives an astrometric distance of 1.28
−0.08 kpc, and confirms the very large angular extent of more than 4 arcseconds, which is not surprising at this quite low distance. Some of the Motogi et al. (2011) water features are within 2 arcseconds of MMB methanol maser, so even though we find the angular offset to be > 3 arcseconds we can establish that this water maser emission is associated with the target methanol maser. Titmarsh et al. (2014) found ∼ 46 per cent of the 6.7-GHz methanol masers had associated water maser emission. This is consistent within uncertainties with this sample where we found approximately 50 per cent. To estimate the uncertainty in our number of detections, we have used √ N det , where N det is the number of detections, however, this assumes that the non-detections are due to purely stochastic effects. We know that source evolution and variability play a major role in the detection statistics, however, neither of these are well enough understood at present to be able to account for them explicitly. Our results are also consistent with previous searches for water masers by Beuther et al. (2002) ; Szymczak et al. (2005) ; Xu et al. (2008); Breen et al. (2010a) .
DISCUSSION
The previous searches most similar to this study are those by Szymczak et al. (2005) and Breen et al. (2010a) . Szymczak et al. (2005) searched a statistically complete, but flux-limited (peak intensity greater than 1.6 Jy), sample of methanol masers with the Effelsberg 100 m telescope for water masers. They found 41 out of 79 methanol masers had associated water masers (a 52 per cent detection rate, rms noise of 0.45 Jy). Our detection rate is consistent within the combined uncertainties, although our sample has significantly higher sensitivity (both in target methanol maser sample and water maser observations) and higher angular resolution. Breen et al. (2010a) searched a large sample of OH and 6.7-GHz methanol maser targets with the ATCA for water masers (5-σ detection limit in a 1 km s −1 channel typically less than 0.2 Jy) in 2003 and 2004. 198 of their 270 methanol masers had an associated water maser in this two epoch search; a detection rate of 73 per cent. The main difference between our sample of methanol masers and the Breen et al. (2010a) sample, is that our sample is statistically complete. The Breen et al. (2010a) methanol masers were primarily those with associated OH masers or those without an OH maser which had an accurate position from Caswell (2009), which was biased towards sources with a higher 6.7-GHz peak flux density.
Another major survey of water masers is the H2O Southern Galactic Plane Survey (HOPS) which conducted an unbiased search for water masers in Galactic longitudes 290
• through zero to 30
• and latitudes of ±0.5
• (Walsh et al. , 2014 . In the overlapping region between our survey and the HOPS survey, there are 172 MMB masers. Of those, Walsh et al. (2014) detected 57 to be associated with water maser emission (∼ 33 per cent). This is much lower than our survey, and is due the significantly lower sensitivity of the initial HOPS search which has an rms noise of 1 -2 Jy over most of the survey region and hence is likely to have detected the majority of sources with peak flux density above 10 Jy compared to our survey which will have detected most of the sources above ∼0.25 Jy.
Considering only the sources in our survey above 10 Jy we find a detection rate of ∼ 25 per cent. In addition, Walsh et al. (2014) used a less strict offset criterion in assessing whether 6.7-GHz methanol and water masers were associated with the methanol and water masers being separated by no more than 0
• .001 in Galactic coordinates which is equivalent to an angular separation of ∼ 5.1 arcseconds. From inspection of Figure 1 , it can be seen this would yield only a few more masers than using our 3 arcsecond criterion, but enough that if we extend our association radius for our masers above 10 Jy to 5.1 arcseconds we have a detection rate consistent with that of HOPS.
In future large surveys of maser associations, it may be desirable to determine maser associations based on a linear separation criteria now that better distance estimates are becoming available. However, we caution this only measures the component of the linear separation in the plane of the sky. Also, some sources have outflows and outflow sizes have dependencies on age, environment and the luminosity of the driving source, so there may not be a well defined linear scale for the water masers either.
Luminosities
There is evidence that the luminosities of 6.7-GHz methanol masers increase as they evolve (Breen et al. 2010a . Hence, we compared the luminosities of the methanol masers with and without associated water masers to see if there was any evidence for these being at different evolutionary phases. Previous work by Szymczak et al. (2005) using a statisti-cally complete, but smaller sample (79 methanol masers) with a greater detection-limit (peak intensity greater than 1.6 Jy) found no statistically significant difference between the methanol maser luminosities of those with and without associated water masers. Titmarsh et al. (2014) undertook the same comparison with the MMB masers in the range l = 6
• − 20
• . We found a statistically significant difference in the luminosities after the removal of the outlying, extremely luminous source 09.621+0.196 (luminosity ∼ 60000 Jy kms −1 kpc 2 ). The difference became statistically significant because of the large reduction in variance in the population that have associated water masers.
In this sample, however, we found no statistically significant differences in the methanol maser integrated luminosities between those with and without associated water masers. The mean of the methanol luminosities with an associated water maser was higher than that of methanol only sources as this was effected by the extremely luminous source 345.505+0.348 (85500 Jy kms −1 kpc 2 ), but the median luminosity was lower. With the exception of this extremely luminous methanol maser, the two distributions of integrated luminosities are very similar.
We previously found that there was a correlation between the water maser peak and integrated luminosities and those of their associated methanol masers (Titmarsh et al. 2014) . Using the masers in this paper, we obtain a similar result. Figure 3 shows water versus methanol peak and integrated luminosities respectively with linear least squares fits plotted. The peak luminosities have a Pearson's correlation coefficient of R = 0.68 and the fit has a slope of 0.65 (p-value of 5.8e-15). The integrated luminosities have a Pearson's correlation coefficient of R = 0.64 and the fit has a slope of 0.64 (p-value of 4.94e-13).
These correlations may be reduced in any individual source as maser beaming means that the emission is not isotropic and the methanol and water masers may be beamed in different directions. However, over the whole sample this effect should average out. Also, we have used the emission integrated over the whole velocity range of the masers, rather than the peak, and this should average out the effects of beaming in an individual source.
We find the methanol and water maser luminosities are both correlated with distance, so we expect there to be a partial correlation between the maser luminosities due to this alone. Uncertainties in distance estimates for the masers don't vary significantly across the sample, with the exception of sources at LSR velocities near 0 kms −1 which are at longitudes close to the Galactic Centre. Furthermore, we do not have any evidence to suggest that there are systematic differences in the intrinsic luminosity of star formation masers in different regions of the Milky Way. However, flux density limited searches (such as the MMB and this survey) tend to produce correlations between distance and luminosity, since the less luminous sources are only detected nearby, whereas the more luminous sources can be detected over a greater volume. This is believed to be the reason for the partial correlation we find between maser luminosity and distance. We have used the procedure in Darling & Giovanelli (2002) to account for this. We found the correlation coefficients between the water and methanol maser peak and integrated luminosities and with distance (see Table 3 ) and (2003) we calculate the standard error in the partial correlation coefficients for a sample size of 100 and 3 degrees of freedom to be 0.082. Applying a t-test to the partial correlation coefficient we find that for our sample they are significant at the 99.9 per cent confidence level.
Since there is evidence that 6.7-GHz methanol masers increase in luminosity as they age this may indicate that there is a trend for water masers to increase in luminosity as they age, although this may be over a long time scale as water masers are well known for their variability. This is consistent with who found, based on the 1.2-mm data from dust clumps associated with water masers, some evidence that water masers increase in luminosity as they evolve.
We also fitted a general linear model to the methanol maser luminosity, with the distance and water maser luminosity as the independent variables (we used the logarithms of each of these quantities in the modelling). This modelling showed that while there is a significant dependence of the methanol maser luminosity on distance, after taking that into account a significant dependence on the water maser luminosity is still present. This is consistent with the value calculated for the corrected Pearsons correlation coefficient which considers the partial correlation.
Velocities
6.7-GHz methanol masers are useful probes of the velocities of the high-mass star formations they reside in. They typically have narrow total velocity ranges (less than 16 km s −1 ; Caswell 2009) and central velocities within ± 3 km s −1 of the systemic velocity of the region (Szymczak et al. 2007; Caswell 2009; Pandian et al. 2009 ).
Water masers on the other hand, are well known for their large total velocity ranges with highly red or blueshifted spectral features commonly found. Within high-mass star formation regions, 10.472+0.027 is the most extreme, with features redshifted up to 250 km s −1 from the systemic velocity of the region and a total velocity range of nearly 300 km s −1 (Titmarsh et al. 2013 ). Figure 3 . Log 6.7-GHz methanol maser peak luminosities vs. log of associated water maser peak luminosities and log 6.7-GHz methanol maser integrated luminosities vs. log of associated water maser integrated luminosities. The lines are a linear least squares fits to the data. Figure 4 compares the velocity of the peak emission in the water and methanol masers. Consistent with Titmarsh et al. (2014) we found that most (∼ 88 per cent) of the water maser peak velocities lie within ± 10 km s −1 of the peak velocity of the methanol masers. We note that in both Titmarsh et al. (2014) and this paper we found our peak velocities to be much more tightly correlated than Breen et al. (2010a) who found 78 per cent of the water and methanol maser peak velocities to be within ± 10 km s −1 of each other. This may be because their sample was biased towards sources with OH masers which have been shown to be more evolved (Breen et al. 2010b ).
In Figure 5 we show the total velocity ranges that the water maser emission spans in this sample. In Titmarsh et al. (2014) , where we performed the same survey over Galactic longitudes l = 6
• − 20 • , we found the median velocity range to be ∼ 17 km s −1 and the mean to be 27 km s −1 , consistent with this sample where we find the median and mean total velocity ranges to be ∼ 17 km s −1 and 32 km s −1 respectively. In contrast to Titmarsh et al. (2014) , where only ∼ 7 per cent of our of the masers had velocity ranges greater than 50 km s −1 , this sample (l = 341
• through zero) has ∼ 20 per cent with velocity ranges greater than 50 km s −1 . We can rule out being unable to detect high velocity emission in the first paper as we detected 10.472+0.027 which has a total velocity range of nearly 300 km s −1 (the largest velocity range in this paper is 0.546-0.852 with a velocity range of 218.7 kms −1 ). In Figure 6 we investigate the total velocity ranges versus Galactic longitude. The three sources with the largest velocity ranges (357.967-0.163, 359.138+0.031 and 0.546-0.852 ) are all close to the Galactic Centre, but otherwise the masers with velocity ranges greater than 50 km s −1 are spread across the longitudes surveyed.
We do however, find our velocity ranges to be similar to those of Szymczak et al. (2005) and Caswell et al. (2010) . Szymczak et al. (2005) found 33 per cent of their water masers to have velocity ranges greater than 20 km s −1 (we found 44 per cent) and 22 per cent greater than 40 km s −1 (we found 24 per cent). In the Caswell et al. (2010) sample of 32 masers from an unbiased survey for water masers, they found 34 per cent of water masers with both methanol and OH masers associated and 31 per cent of those with just methanol, had emission red or blue-shifted more than 30 km s −1 from the systemic velocity. For the current sample we find 26 per cent meet these criteria.
Variability
Water masers are well known for showing variations in their spectra. Studying variability over long timescales is very time consuming, hence variability studies over many epochs tend to be with smaller sample sizes (Brand et al. 2003; Felli et al. 2007 ).
For comparison with our sample, we have focused on larger surveys. Two such surveys are Breen et al. (2010a) and Walsh et al. ( , 2014 which have observed the same water maser sites at more than one epoch. In the Breen et al. maser emission were not detectable in the second epoch, and like Breen et al. (2010a) , they found the most variable sources tended to be weaker with simpler spectra. Unlike Breen et al. (2010a) they found a smaller fraction of the masers not detected in one epoch (∼ 6 per cent). This is likely to be because the Breen et al. (2010a) survey was much more sensitive than the initial HOPS search (which is estimated to be 98 per cent complete down to 8.4 Jy) since there is a well established tendency for less luminous water masers to exhibit greater fractional variability.
We have compared the properties of the water masers in the current sample that overlap with the Breen et al. (2010a) and Walsh et al. (2014) observations. All of the masers for which we have data at more than one epoch showed some variations in their spectra. Walsh et al. (2014) . There are a handful of masers that have the same peak flux densities (within uncertainties) in two epochs, however, most show variation, some of which may be from different spectral features changing their relative intensities resulting in the peak flux density being measured from a different feature. Even though the masers in Breen et al. (2010a) were observed 7 -8 years apart from our observations, they showed no more scatter in Figure 7 than the HOPS masers that were observed within 12 months of ours.
Associations with GLIMPSE sources
The Spitzer Galactic Legacy Infrared Midplane Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003) surveyed the Galactic Plane in four infrared bands: 3.6, 4.5, 5.8 and 8.0 µm. Ellingsen (2006) used point sources identified by GLIMPSE to compare the colours of the mid-infrared objects associated with 6.7-GHz methanol masers compared to the general population of point sources. They used 56 methanol masers, most of which came from a blind single dish survey for methanol masers in l = 325
• − 335
• (Ellingsen et al. 1996) . They found that the mid-IR point sources associated with masers tended to exhibit redder colours than sources without masers, which is consistent with them coming from high-mass star formation regions with similar SED properties to Class 0 low-mass stars.
Ellingsen (2006) also compared the colours of 6.7-GHz . There were many sources detected in our observations that were not reported in HOPS. We have not included these as we do not know if they were not found because the initial HOPS search was much less sensitive than ours, or because of variability. In both panels, where masers were detected in one epoch and not the other, 3 σ upper limits on the flux densities are shown with arrows. Also plotted are dotted lines with slope of 1.
methanol masers with and without associated OH masers and found colours consistent with sources harbouring an OH maser to be more evolved than those without. Breen et al. (2010b) compared the GLIMPSE point source colours of a sample of 113 6.7-GHz methanol masers with and without associated 12.2-GHz methanol masers. They found no difference in the colours of the two groups and they proposed that the masers themselves are more sensitive than the mid-infrared data to evolutionary changes in the YSO. Similar work by Gallaway et al. (2013) studied the midinfrared colours of the mid-IR sources hosting the MMB masers. Since many of the mid-IR sources associated with methanol masers were more extended than the GLIMPSE point spread function, they used Adaptive Non-Circluar Aperture Photometry (ANCAP) to measure their extended flux densities in all four GLIMPSE bands. Not all of the maser counterparts were included, as some of the masers did not have interferometric positions yet, were outside the GLIMPSE survey range, GLIMPSE fluxes were not available in all four bands, or there was more than one possible counterpart. They found the infrared colours of the maserassociated sources to be very similar to those of Ellingsen (2006) . We used the Gallaway et al. (2013) ANCAP flux densities to compare the MMB sources with and without associated water masers in colour-colour and colour-magnitude diagrams. Any difference in the infrared colours could point to differences in evolutionary phase (like those with and without OH masers in Ellingsen (2006)). However, we found no statistically significant difference in the mid-infrared colours between the infrared sources associated with both methanol and water masers and those with only methanol.
Associations with 870-µm emission from dust clumps
The earliest stages of high-mass star formation occur embedded within clumps of gas and dust. These clumps are well traced by their continuum dust emission which is optically thin at submillimetre wavelengths allowing us to calculate their clump masses and column densities (the column density is the molecular hydrogen column inferred from the observed dust emission, an assumed dust-to-gas ratio of 1:100 and assuming that the dust emission is optically thin). The APEX Telescope Large Area Survey of the GALaxy (AT-LASGAL; Schuller et al. 2009 ) is an unbiased survey of the Galactic Plane at 870 µm with the APEX telescope in Chile. ATLASGAL had a spatial resolution of 19.2 arcseconds and a 5 σ sensitivity of 0.25 Jy beam −1 . About 95 per cent of the MMB masers lie within the region surveyed by ATLASGAL. Urquhart et al. (2013) used the ATLASGAL source catalogues of Contreras et al. (2013) and Csengeri et al. (2014) to match the methanol masers with an associated dust clump. They used a criteria of being within 120 arcseconds of a peak in the 870 µm emission to define an association as this was the largest clump radius . If more than one clump was within that radius, they chose the clump with its peak emission closest. They then inspected the ATLASGAL images to de-termine if associations were genuine. ∼ 94 per cent of MMB masers within the ATLASGAL survey range were found to have an associated 870-µm dust clump.
We used the ATLASGAL-MMB associations identified in Urquhart et al. (2013) to compare the dust emission of the 6.7-GHz methanol masers with and without associated water masers and also to compare the 870-µm emission with the results from Titmarsh et al. (2014) using the 1.1 mm emission from the Galactic Plane is the Bolocam Galactic Plane Survey (BGPS; Rosolowsky et al. 2010 ). The BGPS is another unbiased submillimeter survey of the Galactic Plane which used the Bolocam instrument on the Caltech Submillimeter Observatory to make a continuum survey of the Galactic Plane at 1.1 mm with an effective resolution of 33 arcseconds. Like ATLASGAL, the BGPS is ideal for tracing cold, dense gas and dust cores. Chen et al. (2012) used dust clumps from the BGPS for targeted class I methanol maser observations. When they compared the properties of the clumps with and without associated masers, they found BGPS sources with an associated class I methanol maser had higher BGPS flux densities and beam averaged column densities than those without. They also found a correlation between the intensity of the class I methanol masers and the beam averaged column density.
In Titmarsh et al. (2014) we found BGPS sources with an associated MMB maser to have higher integrated flux densities and higher column densities than the general population. However, we found no differences in these properties between the clumps associated with an MMB maser with and without a water maser present. Like class I methanol masers, water masers are also pumped by collisions, and like Chen et al. (2012) we found a weak correlation between the water maser integrated flux density and the beam averaged column density.
To make our ATLASGAL comparisons, we recalculated the masses and column densities of the dust clumps, as we have distance estimates for all the MMB sources in our survey (Urquhart et al. (2013) did not have distances for many of the sources around the Galactic Centre) and we used µ = 2.3 for the mean molecular weight of the ISM to be consistent with Chen et al. (2012) . Column densities and clump masses were calculated according to equations 1 and 2 in Chen et al. (2012) .
Unlike comparisons with the BGPS in Titmarsh et al. (2014) , we found no correlation between the integrated flux density of the water masers and the ATLASGAL column densities of their associated dust clumps. The correlation at 1.1 mm was weak, however, we expected to observe similar results at 870 µm as sources with higher integrated column densities tend to be more massive and there may be a larger volume of gas where the conditions are appropriate for maser emission in these clumps. Similar to our comparisons with the BGPS we also found no correlations between the water maser luminosities and the clump masses or between the methanol maser intensities and the column densities and masses. We also found no differences in the distributions of the ATLASGAL column densities and masses of the clumps with both methanol and water masers and those with only methanol. Figure 8 shows the column densities of the clumps with an associated MMB maser compared to those of all the AT-LASGAL clumps within our survey region. The left panel shows the distribution of the clumps with associated masers zoomed in compared to all the clumps within our survey region, and the right panel shows that the fraction of maserassociated dust clumps increases with increasing column density. At the very highest column densities, almost 100 per cent of clumps have an associated methanol maser. Like our comparisons with the BGPS, the maser associated clumps are skewed toward the higher mass clumps, unlike our BGPS comparisons, the dust clumps with an associated maser appear to cover the whole range of column densities of the general population. However, this may be a sensitivity issue as the 5 σ sensitivity of ATLASGAL is 0.25 Jy beam −1 , corresponding to a hydrogen column density of order 10 22 cm −2 (Schuller et al. 2010 ) whereas the BGPS was sensitive to column densities greater than 10 21 cm −2 .
CONCLUSIONS
We have observed all the known 6.7-GHz methanol masers in the Galactic Plane between l = 341
• and l = 6
• (through the Galactic centre) with the ATCA for water maser emission. We detected water masers towards 101 out of the 204 sources in this range (∼ 50 per cent) consistent with previous studies within their flux density and angular resolution constraints.
In Titmarsh et al. (2014) we concluded that there may be a difference in the integrated luminosities between 6.7-GHz methanol masers with and without associated water masers, however, the current sample does not support this (which is consistent with Szymczak et al. (2005) ). Like Titmarsh et al. (2014) we did find a correlation between the methanol and water peak and integrated luminosities, even after taking into account the partial correlation due to distance. Since methanol masers increase in brightness as they age, we interpret this to be evidence that water maser generally increase in brightness as they age.
Most of the peak velocities of the methanol and water masers are well correlated (∼ 88 per cent within ± 10 km s −1 of each other), consistent with the previous paper in this series. However, in the longitude range of this paper (l = 341
• through the Galactic centre to l = 6 • ) there are many more sources with high total velocity ranges compared to the previous paper (l = 6
• − 20 • ). In our current sample we had ∼ 20 per cent with velocity ranges greater than 50 km s −1 compared to the previous paper where it was ∼ 7 per cent. The total velocity ranges in our current sample are similar to those found in Szymczak et al. (2005) and Caswell et al. (2010) .
Using the GLIMPSE sources and their flux densities in the four Spitzer bands extracted by Gallaway et al. (2013) , we found no difference in the colours of the mid-infrared sources associated with both methanol and water masers and those with methanol only.
We used the ATLASGAL sources identified to have associated MMB masers in Urquhart et al. (2013) , and found that in the submillimetre emission there were no differences between the column densities and masses of clumps with both water and methanol masers associated and those with just methanol. We did find that the clumps associated with methanol masers are skewed towards the higher column densities compared to the general population. This is consistent with our findings for 1.1-mm thermal dust continuum emission in Titmarsh et al. (2014) . Our findings support the conclusions of Breen et al. (2014) that unlike 6.7-GHz methanol masers, there is little evidence that water masers trace a well defined evolutionary stage of high-mass star formation. Nevertheless, water maser observations can still provide us with valuable information the physical conditions of the YSO.
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